. Because of these findings, the Buhairan-Abu Khurg and Uyaijah-Thaaban areas were proposed for further, more intensive study. Although tungsten mineralization is sparse in the Buhairan-Abu Khurg area, significant molybdenum mineralization is present in the Uyaijah-Thaaban area. This report documents the results of an investigation of the latter area. Whitlow (1966a, b) noted unusual abundances of tungsten and molybdenum in panned concentrates collected during a survey of mineral potential of the Al Kushaymiyah and Jabal al Hawshah 1:100,000 quadrangles. He (Whitlow, 1966c) recommended an exploration program for mineral deposits in an approximately 1000 sq Icn tract that coincides closely with the Al Areyef region.
Whitlow's recommendation for further exploration was supported by Theobald (1970) who compiled values of tungsten, molybdenum, and tin in heavy mineral concentrates derived from surficial sediments collected 1-211 identifies the area covered by the scale 1:500,000 geologic map of the southern Najd quadrangle (Jackson and others, 1962) .
from throughout much of western Saudi Arabia. Based on his compilation, Theobald singled out the Al Areyef region* as the one region in the Arabian Shield that shows anomalous concentrations of the three elements. Theobald (1970) postulated that the region had close geologic and geochemical similarities with well known areas of molybdenum deposits in Colorado and New Mexico, U.S.A., and suggested that exploration of th<3 region should be undertaken to search for a stockwork molybdenum deposit.
Following Theobald's (1970) study, Theobald and Allcott (1973) mapped the distribution of rock types in the Uyaijah ring structure of the Al Areyef region at a scale of 1:50,000 and systematically collected and analyzed panned sediment samples in the area occupied by the ring structure. In conjunction with this investigation, Planigan and Andreasen (1973) conducted regional airborne magnetic and gamma radiation surveys. Based on results of their study,
Theobald and Allcott recommended that the Uyaijah-Thaaban and BuhairanAbu Khurg areas be explored further. Dodge (1973) examined the latter area and concluded that no exploitable mineral deposits exist in it.
PRESENT INVESTIGATION AND ACKNOWLEDGEMENTS
The investigation is one of a series of studies by the U. S.
Geological Survey made in accordance with a work agreement with the Ministry of Petroleum and Mineral Resources. Kingdom of Saudi Arabia.
* Theobald (1970) and subsequent investigators have referred to this region as the "Al Kushaymiyah area", taking the name from a protiinent jabal in the western part of the region. "Al Kushaymiyah" is a geographic name not well known to local bedouin, who refer to the region as "Al Areyef". We have dropped usage of Theobald's designation of this specific region as "Al Kushaymiyah" in favor of the more widely recognized name "Al Areyef". Prior to emplacement of the quartz monzonite of Abu Khurg, a stock and dike offshoots of quartz monzonite, herein named the quartz monzonite of Jabal Thaaban, invaded the batholith, forming the present core of the ring structure. The entire assemblage of intrusive rocks is part of a major Precambrian magmatic sequence of calcalkaline plutonic rocks abundant in the northeast portion of the Arabian Shield (Greenwood and Brown, 1972 Modified from Theobald and Allcott (1973) Figure 2. -Geologic sketch map of the Uyaijah ring structure.
followed into the Uyaijah-Thaaban area, and horizontal offset cannot be demonstrated in the area. Nevertheless, prior to or contemporaneous with the major episode of faulting, rocks in the area contiguous to numerous recognizable shear zones that parallel the Najd system were altered and invaded by quartz veins.
After the period of alteration, veining and faulting, and presumably after a period of uplift, east-west to northwest trending hypabysal dikes, and later a second set of parallel quartz veins, were injected into rocks of the ring structure. Finally, the entire structure was further uplifted and unroofed.
ROCKS IN THE UYAIJAH-THAABAN AREA
The greater part of the Uyaijah-Thaaban area is underlain by the core-forming quartz monzonite of Jabal Thaaban (plate 1). Although neither the oldest or youngest major units of the ring structure, the metamorphic rocks and the quartz monzonite of Abu Khurg are represented(with the possible exception of a 2-m wide quartz monzonite dike in the central part of the area), meager amounts of the granodiorite of Al Areyef crop out along the west side of the area. A multitude of veins and diverse types of dikes; a fraction of a centimeter to a few meters wide, cut the quartz monzonite of Jabal Thaaban in an abundance far greater than in granitic rocks elsewhere in the region.
About one-half of the Uyaijah-Thaaban area is masked by a thin veneer of surfici*! debris consisting of wadi sediments, eolian dune sands, poorly sorted pediment materials, and talus.
Granodiorite of Al Areyef
The oldest rock unit in the Uyaijah-Thaaban area is the granodiorite of Al Areyef. Although it forms a batholith covering at least 180 sq km, it underlies only a small expanse along the western margin of the Uyaijah-Thaaban area.
Within the area, the granodiorite varies little in composition and has the same general appearance in each outcrop. Color index of a modally analyzed sample ( fig. 3) (Dodge, 1973) . average amounts reported by Turekian and Wedepohl (1961) for high calcium granites of the earth's crust.
Steeply dipping aplitic and pegmatitic dikes that are a few centimeters to more than a meter wide and as much as a few hundred meters long cut the quartz monzonite of Jabal Thaaban, but were emplaced prior to alteration. In general, these dikes are of little quantitative importance and are not shown on the geologic map. from the main areas of alteration, some veins are bounded by intensely altered rocks. Apparently pre-existing jointing was the dominant control of both alteration and vein trends, but as recognized by Theobald and Allcott (1973, p. 27 ) altering solutions and silica-rich
Narrow gash-like veins cutting quartz monzonite of Jabal Thaaban. Alteration of the quartz monzonite is confined to narrow bands which may or may not enclose the veins.
S ' -
Single quartz vein cutting altered quartz monzonite of Jabal Thaaban. (Mikhailov, 1964 
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Weight concentration 100 ppra <10 M <50 " <10 " <50 " <500 " <10 " <50 " <200 " <20 " 50 " <20 " 500 " <10 " Geochemical data from fault gouge associated with the older quartz veins at some localities indicate no significant metal concentrations (table 6). Arithmetic means to the nearest two places of eight of the elements are given at the end of the table. For analyses in which the element is present in amounts below the limit of determination, a zero value has bean assigned. Upper limits are given for all the elements, but the lower limit for each one does not exceed the determinability limit.
Variation of contents of determined elements in the vein quartz samples, except for tungsten, are depicted by histogram ( fig. 5 ).
Of the eight elements, contents of copper show the most scatter and gold the least. Both molybdenum and bismuth, which Theobald and Allcott (1973) found in anomalously large amounts in panned concentrates of unconsolidated debris collected in the Uyaijah-Thaaban area, 
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. Correlation coefficients are presented above the diagonal line, and number of samples on which the correlation is based, that is the number of samples in which the two elements were both present in determinable amounts, is given below. These interrelationships are at least in part attributable to the presence of appreciable amounts of lead and silver in bismuthinita (table 4) . Surprisingly, lead and zinc are not significantly related.
Hypabyssal dike rocks
Steep-dipping northwest-to east-west-trending felsic and mafic hypabyssal dikes are intrusive into plutonic rocks in the UyaijahThaaban area. Only minor effects of baking or alteration by tha dikes on surrounding rocks are apparent. Although the dikes follow the same structural trends as do the quartz veins, there is no evidence of movement along dike surfaces. The two types of dikes are not in contact in the Uyaijah-Thaaban area; however, a few kilometers to the southeast in the Buhairan-Abu Khurg area the felsic dikes can be clearly seen to have preceded their mafic counterparts (Dodge, 1973) .
A 2-to 3-m wide felsic dike on the northern slopes of Jabal Thaaban forms the apex of a narrow 30-m high ridge that extends from the jabal to the eastern edge of the Uyaijah-Thaaban area. The dike consists of fairly uniform, massive, pinkish-brown, porphyritic rock.
Medium-grained phsnocrysts of euhedral to subhedral embayed quartz, elongate tabular, auhedral to subhedral, unzoned plagioclase of sodic andesine composition, and euhedral to subhadral perthitic alkali feldspar make up 15 to 20 percent of the rock. The groundmass consists of a fine-grained to microcrystalline mixture of anhedral quartz, plagioclase, alkali feldspar, green hornblende, and opaque grains.
Compositionally the felsic dike is a dacite. Minor element contents of hypabyssal dike rocks are given in The contentsof lead and bismuth in mafic dike samples from the UyaijahThaaban area are anomalously high relative to contents in basaltic rocks of the earth's crust reported by Turekian and Wedepohl (1961) Each sample consisted of five equal sized cnips. Veins were sampled at equally spaced intervals along entire exposed vein length; quartz monzonite was sampled in the center of and at quadrants around a 2-m diameter circle.
nothing was seen along the vein that would indicate any increase in molybdenite content with depth. Likewise, no mineralogical changes were seen along the veins in the hundreds of meters of combined strike length that indicate significant increases in molybdenite content at any particular localities. As no marked changes in molybdenum grade in the veins is foreseen near the surface, there would be little gained from further exploration by diamond drilling. The veins, by themselves, are too narrow and too low in grade to mine profitably. Further, they are too far apart, too lean, and constitute too small a volume of quartz to be considered for any block-carving or high volume mining method.
Samples of altered and unaltered quartz monzonite including some small quartz stringers, between the veins average 55 ppm molybdenum.
Even the quartz stringers between veins are low in molybdenum. The samples indicate clearly that molybdenite is not disseminated in any quantity between the veins. As the veins themselves are low in molybdenum value and in size, it would not be feasible to mine them and the intervening country rock by open pit methods.
The highest content of molybdenum in any of the analyzed materials from the subareas is 1,600 ppen, corresponding to 0.27% MoS 2 . In comparison, ore from the Climax, Colorado, molybdenum deposit, a large tonnage, low grade deposit, grades only slightly less than 0.4 percent MoS (Wallace and others, 1968) . While the grade and the quantity of the molybdenite-bearing quartz veins relative to the total amount of exposed rock of tlie area are inadequate to permit present-day mining, the veins represent a potential future resource, should the price of molybdenum rise appreciably. In view of the low molybdenum contents of the host quartz monzonite, future mining would of necessity ba selective, being restricted to the larger, higher grade quartz veins. Theobald and Allcott (1973) found anoraalus contents of tungsten, as v?ell as molybdanum and bismuth in panned concentrates of unconsolidated debris collected from the Uyaijah-Thaaban area. They outlined an area 2 km southeast of Jabal Thaaban in which tungsten content was particularly high in their heavy-mineral concentrates.
We collected debris in this area at 200 m intervals along two parallel traverses located 400 m apart through two broad separate wadis. In addition, debris was sampled at two localities in areas where mineralization was known to be absent in order to determine a background value of tungsten. Results of analysis of -10, +30 mesh, pannei, nonmagnetic concentrates of the debris (table 14) did not confirm
Theobald and Allcott's previously found tungsten anomaly. Only one of the 15 concentrates contained tungsten in detectable amounts, and subsequent analysis of splits of this concentrate did not yield tungsten in detectable quantities. Furthermore, the tungsten content of analyzed rocks of the Uyaijah-Thaaban area does not exceed 50 ppm, and the element was found to generally be present in amounts less than the 20 ppra determinability level (tables 1-3, 6, 7, 9 admittedly the element could not be determined in several of the samples because of interference). Lamping of numerous localities in the Uyaijah-Thaaban area indicated that x*hile the tungsten mineral, scheelite, is present in some quartz veins it is present only in sparse amounts. These minor amounts of scheelite apparently were adequate to provide the tungsten of Theobald and Allcott's geochemical anomaly. We consider the tungsten potential of the Uyaijah-Thaaban area to be negligible. Analyses by I. M. Naqvi using six-step semiquantitative emission spectrographic methods similar to those described by Myers and others (1961) .
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CONCLUSIONS
Areas of mineralization found in the Uyaijah-Thaaban area are believed to adequately account for previously discovered sediment anomalies. Although the grade of mineralized rock is inadequate to permit present-day mining and further exploratory work would not be practicable at the present time, the quartz veins represent a potential future resource of molybdenum.
